The trend of population aging led European institutions to choose 2012 as the European Year for Active Ageing and Solidarity between Generations. Taking advantage of this fact and aware of the potential of socio-economic contribution of elderly for society development, the importance of creating opportunities towards an active ageing and the significance of occupational therapy (including crochet) as a way to reconstruct healthy behaviours, we engaged senior citizens in an activity held on behalf of Festa da Ciência. More specifically, they participated in the construction of a coral reef made of crochet hyperbolic models combining Biology, Mathematics, colour and fun.
as intergenerational solidarity important principles of active ageing. In order to foster a sustainable active ageing culture it is mandatory to make a true impact in lifestyle, trying to engage senior citizens -who are retired, ill or living with disabilities -and making them active participants and contributors to their families and communities.
Strongly supported by the basic idea of European Year for Active Ageing and Solidarity between Generations (YE 2012) and wishing to promote actions towards the engagement of elderly citizens, the STOL -Science Through Our Lives team decided to promote an initiative targeting this type of public during its annual activities. The opportunity to engage such citizens, making them active contributors to an idea/project, arose while programming activities to the annual Science Festival 2012 (Festa da Ciência 2012), promoted by the School of Sciences of the University of Minho (ECUM). On behalf of this event, the group decided to invite a colleague from Mathematics Department to explore and explain other kind of geometries, different from the Euclidean geometry, such as the designated hyperbolic plane geometry, while simultaneously showing its occurrence in the biological world and using crocheted 3D-models to illustrate such hyperbolic planes. For this, some local institutions for the elderly were invited to contribute to the creation of a coral reef made with crochet. The whole activity, designed for society in general was named "Stitch by Stitch the Science Fills the Space" and it is described in the present work.
Joining All The Pieces Together

Getting older -Threats and opportunities
People are living longer and healthier lives today than ever before. This almost worldwide lengthening of life expectancy, attained mainly due to science and technology progresses during the last century, has been creating new challenges. The paradigm is changing and societies must adapt to a new whole scenario, organizing and searching for solutions towards the maximization of health and functional abilities of elder adults and to the promotion of their participation and security. As an old age is often associated with some degree of illness and/ or dependence, senior citizens can easily feel loneliness and depression or can become excluded from job, family and society. The great challenge is to strength the conditions that provide citizens' active aging, namely in areas such as employment, health care, social services, adult education, volunteering, housing, information technology and transport (Walker, 2008) . Maintaining the vitality of older people, enhancing their involvement in society and removing barriers between generations should be the main aim of the EY 2012 believes the European Parliament Employment Committee (EMPL Employment policy 17-03-2011) . This initiative aims to make society conscious and aware of the socio-economic contribution of older persons, and promotes actions aimed at creating more and better opportunities towards an active ageing, maintaining the vitality of senior citizens and enhancing their involvement in society (http://www.europarl.europa.eu/news/en/search?q=european+year).
Along with global aging, age related diseases such as cognitive impairment and dementia would increase dramatically in the coming years. Dementia is one of the most common diseases among elderly people. It is a leading cause of disability, institutionalization, and mortality; therefore it has a tremendous impact on both, the individual and the society. As limited effective treatment alternatives for dementia are currently available, identification of risk or protective factors, especially modifiable factors, could provide potential for preventing the disorder.
Everyday leisure activities in adulthood and old age have been investigated with respect to constructs such as successful aging, an engaged lifestyle, and prevention of age-related cognitive decline. They also relate to mental health and have clinical value as they can inform diagnosis and interventions. The recent resurgence of knitting and other craft activities such as crochet and modelling is an ambiguous social phenomenon because it has pre-industrial connotations in late modern society (Parkins, 2004) . Crocheters across the world say it's simply the best therapy mainly due to the fact that experiences of particular feelings and emotional states that constitute the characteristics of crocheting practice are closely related to crocheters' corporeal engagements with the practice (Shin & Ha, 2011) . Moreover crocheting is also an embodied and materially mediated practice formed around the close relationship between the physical, mental and emotional dimensions of the involved person, who are deeply entrenched in the material environments of the practice (Warde, 2005) .
The evidence to-date indicates that leisure activities, especially mental and physical activities may protect against cognitive decline and dementia (Wang et al, 2012 ). The precise mechanism through which leisure activities such knitting and crochet impact cognition is still unclear, but there are a number of proposed hypotheses. One of them is cognitive reserve, where the life experience, such as leisure activities, may influence neural processing and synaptic organization by permitting neurological processes to become more efficient, adaptive, and plastic thus allowing some people to cope with progressing dementia pathology better than others (Stern, 2002; Kramer et al, 2004) . Leisure activities may also have beneficial effects through psychological and behavioural pathways by lowering stress (Crowe et al, 2003) . Many knitters/ crocheters point out that a high level of concentration on the ongoing projects helps ease the tensions and stresses encountered in daily life. Often, performing these craft activities is compared to having a meditative function, described as an alternative form of religion and spirituality (Murphy, 2002; Parkins, 2004) .
Crochet and unexpected applications
Crochet is the art of pulling loops of yarn through other loops, in the first times using only the fingers and latter on with the aid of a crochet hook. Worked in rows or rounds, this handwork ultimately results in the creation of a fabric, most of the times with stunning results. Unlike other forms of handwork with wool or cotton thread, nobody knows for sure where or when crochet first originated -places such as Arabia, South America or even China were pointed out as probable origins by different theories. However, according to the American crochet expert Ann Potter (1990) , it seems the word crochet appeared somewhere in the 16th century and comes from the Middle French words croc or croche, meaning hook.
In the early days crochet was considered a hobby of the rich ladies and later, especially in times of war or generalized diseases, it became common for people to join in groups in order to crochet clothing for soldiers, hospitals and homeless shelters. More recently crochet has found other applications which range from mathematics, first used by the mathematician Daina Taimina (2009) with the intention to create 3D-models of the hyperbolic plane geometry, to urban art, the modification and decoration of outdoor surroundings using knitted or crocheted cloth, a practice called yarn bombing which appeared in the US a few years ago and spread worldwide rapidly.
The Hyperbolic Geometry
The world we have built is chock-full of rectilinear impressions, our houses, doors and windows, the skyscrapers we work in, our streets, many of our gardens, we are always cruise on our daily life's straight lines. We have learned to play by Euclidean rules, which have two thousand years. In the early 19th century mathematicians became working in the constructing of new kinds of geometries, and surprisingly new spaces in which lines cavorted have aberrant formations were discovered suggesting the existence of news geometries, such as spheres geometry and hyperbolic geometry. Since then, one of the most difficult tasks was to find real models (in our Euclidian space), made with some kind of material, where these curves could be visualized and ideally, touched. The attempts to demonstrate the fifth Euclides´ postulate, the parallel postulate (given a line r and a point not on the line, there is one and only one line which contains the point, and it is parallel to line r) originated the largest and most dreaded discovery for the Euclidean geometry of the 19th century. In this geometry the fifth postulate is not valid, and if we consider a line and a point not belonging to it, there are an infinite number of lines that pass through the single point and never intersect the original line, as they are parallel to the first line. All other postulates are valid to the line given. Application of the craft of crochet in the construction of 3D-models of the hyperbolic plane geometry was first realized and used by the mathematician Daina Taimina in 1997 (Buescu, 2011 . Each hyperbolic model advances by increasing crochet stitches according to a primitive algorithm (Herderson & Taimina, 2001) . And with these models, the task of demonstrating the consistency of non-Euclidean geometry, in particular the not valid parallel postulate, in the hyperbolic space was much facilitated (Taimina, 2009; Buescu, 2011) . As we can see, if we observe the Figure 1A , which represents a hyperbolic model, there are lines through the same point and not intersecting another line in the same hyperbolic model. The surprise is that we can have this 3-D model of hyperbolic geometry in our hands (actually it could have been constructed by us!) that corresponds to doing geometry on a surface of constant negative curvature.
Another property that can be explored, and in particular explained to children at schools, using this crochets models, is the value of the sum of the interior angles of a triangle. As we have learned, for any rectilinear triangle this sum is always 180 0 . This propriety is not valid in hyperbolic geometry. If we try to make a triangle in a crochet model, using lines with different colours from the model (Fig. 1B) , we can observe that the sum of the interior angles is less than 180 0 . And the bigger the triangle the more this sum approaches zero. The largest triangle is called the ideal triangle. This can be a hands-on experience made by people of all ages. 
Hyperbolic Geometry in the Biological World
The hyperbolic laws, roughly speaking, require that the division makes the organisms grow in all directions and allow that some areas increase faster than others. Hyperbolic geometry in allowing surface area maximization turns out to be the underlying geometry of many living things (Fig. 2 ) from corals to kelps, sponges and land plants just to mention a few (Firmo, 2003) . Specifically for sessile filter feeders like corals it is a very beneficial form of space conquest because it increases surface area in a limited volume and makes the uptake of nutrients much more efficient.
In 2005 Taimina's ideas about crochet and hyperbolic geometry inspired the Hyperbolic Crochet Coral Reef Project, created by The Institute For Figuring in Los Angeles (www.theiff.org) and since then dozens of crocheted reefs have been created worldwide. Corals are dying due to many conditions largely caused by humans: overfishing, pollution, climate change, ocean acidification and sedimentation (Babbemeier et al, 2004) . Simultaneously to the playful aspect of crocheting, these yarn corals reefs have given the opportunity to alert and make aware of the danger these ecosystems are facing, making the ideal scenario to multiply large scale environmental awareness campaigns. All approaches and efforts in order to rehabilitate corals reefs in particular and wild life in general are more than welcome. 
Stitch by Stitch the Science fills the Space
The Science Festival is an initiative of the School of Sciences of the University of Minho (ECUM) that takes place in a yearly basis on the second week of May and that lasts for nearly ten days. The event takes place in the university campus in Braga, with extensions in Guimarães and Viana do Castelo, and joins more than 1,800 students from pre-school, primary and secondary schools, teachers and general public. The program has several activities sweeping all natural/ exact Science (Biology, Chemistry, Mathematics, Physics and Geology) and includes diverse outreach Science activities like workshops, hands-on sessions, lectures, competitions and exhibitions aimed at the general population, especially to students of preschool, primary and secondary.
"Stitch by Stitch the Science fills the Space" was an activity idealized by STOL -Science Through Our Lives team, together with a colleague from the Mathematical Department and it was implemented in the scope of the Science Festival. Its main objective was to involve and surprise all the visiting public under the central motto "The hyperbolic forms that are observed in nature." The target audience was as broad as possible, ranging from students and teachers from all school grades who visited the Science Festival to the involved elderly institutions and public in general.
The stand could be visited during three days from 15 to 17 of May and comprised several components: (i) a "coral reef" constructed with crochet models, (ii) posters with the mathematical fundaments of the three geometries as well as examples of the widespread influence of hyperbolic forms in nature, (iii) a small exhibition of real coral forms, (iv) a repeat-mode slideshow comprising snapshots of the work in progress as well as parallel details of both, real and yarn coral reefs and, last but not the least, (v) a "hands-on" corner where all the visitants could try a crocheting experience and collaborate in the growth of a big everybody's coral (Fig. 3) . 
Elderly people involvement and their testimonies
Leisure activity can be defined as the voluntary use of free time for activities outside the daily routine and is one of the major components of a healthy lifestyle. After retirement, leisure time constitutes a relatively larger part of the daily life and leisure time activities have emerged as the most important target for lifestyle changes among older adults because of the potential beneficial effect on various health outcomes. With this in mind STOL visited two institutions for elderly (Bogalha in Braga and Centro Social de Durrães in a small village in the countryside) in order to personally invite/challenge/engage them in joining this project/experience. Both institutions accepted the invitation although informing that the great majority of their users would not be capable of joining the project due to their deep disablement. To make the idea easily understood, an one-page tutorial with three images and a small and simple explanation text corresponding to the also three basic 3D-forms of non-Euclidian geometry (namely hyperbolic simple plan, hyperbolic double plan and pseudo-sphere) was prepared and distributed. Altogether we succeeded in co-opting five ladies ranging from 70 to 92 years old and 3 professionals who take care of them, being also engaged in the task.
Beyond the invitation to institutions for the elderly, we were interested in knowing how the participants in the crocheting of the coral reef felt about contributing actively to such task, having with them informal conversations. The participants of one of the institutions (Bogalha) referred that they appreciated to be involved in such initiative and were particularly happy seeing the final result, although not imagining the impact of their work during the crocheting work-in-progress.
From the conversation with the participants from Social Centre of Durrães we may conclude that there is the general opinion that the crochet is addictive. All the ladies were extremely satisfied with the outcome of their handicraft and when asked if they were interested in keeping on with this project, their answer was an energetic yes. In what concerns to the difficulties eventually faced, some of them told that from time to time their eyes were not very cooperative or that after some time their hands began to ache. Nevertheless, a lady with only one functional eye told, in a glance, that there wasn't any problem as this activity was a good distraction/ recreation for her and the others, who have no longer good vision, referred "If we make an error, we rebuilt the work and there is no problem at all". Another lady that had stop crocheting over forty years ago confessed that it still took a while to remember and start but with a little help from another lady from the institution she got the hand and could not stop anymore. Now, she is knitting a sweater for her three years old granddaughter and feeling very proud about it.
After visiting the stand "Stitch by stitch the science fills the space" at Science Festival the reactions and their testimonials concerning to the disposition of the crochet pieces in the coral reef were also collected and from them it was evident that the coral reef was very appreciated by the elderly who felt very happy with their commitment and participations. One of recurrent actions was their eager urgency in finding their own crocheted models among all the other tens that altogether build the total coral reef. One of the visitor ladies also crocheted at the exhibition stand, adding some stitches to the ongoing big coral model that could be tried by all visitors interested (Fig. 4) .
Visitors opinions and testimonies about the stand
In an attempt to evaluate public receptiveness and some impacts of the initiative, a questionnaire was designed and addressed to some visitants that filled it in loco.
All of the 33 persons (23 women and 10 men) ( Fig. 5 ) with ages from twelve to eighty four were invited to fill in the questionnaire: globally they referred they liked the stand and were very curious about it. All of them, women and men, also, were unanimous saying that they have learned something new and their interest in Science was encouraged. Relatively to be question about the quickly understand of what was represented (Fig. 5 -question 3) 78% of the women said yes, and the men were equally divided, 50% saying yes and 50% saying no. We also observed that 76% of all the persons (74% women and 80% men) agreed that the subjects represented in the stand are related with the ones they learn, or have learned, at school (Fig. 5 -question 5) . In what concerns doing that experience with crochet models at home, 65% of the women would say yes and 79% of the men would say they will not (Fig 5 -question 6) .
We were nicely surprise that all of the 33 persons that fill the questions, more or less the double number of women (23) than men (10), have liked and were curious about the stand. This may be related with the new subject, or with the way of explaining it. May be the new and quite different way of presenting things that they said are taught at school, (65% women and 70% of the men) (Fig. 5 -question  6) is the key for so unanimous good opinion about the stand. Nevertheless only 65% of the women said they were going to try to do it at home and worst opinion becomes from men, as only 30% have intention to try the crochet at home. 
Final Remarks
By and large we should say that this was an extremely gratifying experiment in all senses: from the engagement of the old ladies, colleagues and ourselves in the crocheting activity; to the wow factor inherent to the stand; the notorious surprise of all the visitors in their words and, mostly, the complete astonishment in their wide-opened eyes about the existence of other kind of geometries and its properties, the positive critics in the local newspapers and, finally, to the consecutive invitations received from public institutions, in Braga, interested in hosting the coral reef for defined time periods, as well as in contributing to its growth to an even more striking scale.
Speaking for ourselves, we feel this was a groundbreaking experiment in joining generations, narrowing the gap between them, and simultaneously showed to be a very successful way of communicating science in an effective, appealing and integrated way to a non-specific heterogeneous public. Indubitably is a strategy to carry on. 
